Abstract. Cervical cancer (CC) is one of the most malignant tumors that affect women. Recent studies have reported that microRNAs (miRs) serve important roles in CC. The aim of the present study was to investigate the role of miR-218 in CC and to verify its underlying mechanism. The results of reverse transcription-quantitative polymerase chain reaction (RT-qPCR) revealed that miR-218 was dramatically downregulated in CC tissues and cell lines. Furthermore, the expression of Gli3 and Ki67 was measured using RT-qPCR and the results revealed that levels of these proteins were negatively correlated with miR-218 in CC tissues. The protein expression levels were determined by western blotting. Then SiHa cell line was used to investigate the mechanism of CC. Following cell transfection, cell apoptosis and cycle analyses were performed using the flow cytometry. The results revealed that miR-218 overexpression significantly inhibited cell proliferation, apoptosis and cell cycle. Additionally, luciferase reporter assay revealed that Gli3 may be a novel and direct target of miR-218 in CC. Taken together, the results of the present study suggest that miR-218 overexpression or Gli3 knockdown may have potential as therapeutic strategies for the treatment of CC.
Introduction
Cervical cancer (CC) is the fourth most common cancer affecting women worldwide, with an annual mortality of ~270,000 (1, 2) . Standard therapies for CC, including radiotherapy, chemotherapy and surgical intervention, are often less effective for patients in the advanced stages of disease (3) . The mechanisms of CC remain unclear and gaining a better understanding of tumor progression and identifying novel biomarkers for the disease is of great importance.
MicroRNAs (miRNAs or miRs) are a group of small non-coding RNAs (~22-25 nucleotides in length) that negatively regulate their target genes via binding to complementary sequences of the 3'-untranslated region (3'-UTR) (4) . A number of studies have revealed that miRNAs serve important roles in the development of CC and are associated with tumor suppressing and oncogenic activities (5) . miR-218 is a miRNA that has a tumor-suppressing effect in a number of cancers (6) (7) (8) . The precursors of miR-218 are mir-218-1 and mir-218-2, which are located in the Slit2 and Slit3 introns and can be expressed together with Slit2 and Slit3 (6) (7) 9) . Expression of the miR-218 precursors is downregulated in several human malignant tumors and has a significant tumor suppressive effect (7, (10) (11) (12) .
miR-218 has been reported to be downregulated in tumor tissues and sera of patients with CC (12) . Additionally, miR-218 downregulation is associated with tumor invasion (13) . A number of studies have reported that the expression of miR-218, which serves a tumor-suppressive role in CC, is affected by human papillomavirus (HPV) infection (14) (15) (16) (17) (18) (19) . A previous study on HPV, a major carcinogenic risk factor for CC, reported that the expression of miR-218 and its host gene tumor suppressor gene SLIT2 was lower in HPV-16 and -18 positive cells compared with normal cervical tissue and HPV negative cells (20) . It was suggested that the expression of miR-218 in CC tissues was lower compared with normal cervical tissues and that there are certain strains of HPV that are associated with a greater risk of CC, may result in further downregulation (20) . miR-218 is downregulated in a number of malignant tumors, including lung cancer, breast cancer, thyroid cancer, mesenteric adenocarcinoma, colon cancer, gastric cancer, prostate cancer, glioblastoma and bladder cancer (21) . Low miR-218 expression was demonstrated to be associated with tumor cell invasion and migration, and poor prognosis (7, 22, 23) . Furthermore, miR-218 expression is lower in malignant tumors compared with benign tumors (24) . Low miR-218 expression is associated with tumor invasion, migration and poor prognosis (7, (21) (22) (23) (24) . Together, these studies suggest that miR-218 serves an important role in the development of tumors. Although these studies link miR-218 with tumor metastasis, the specific mechanisms of miR-218 in tumors remain unclear and require further study. The aim of the present study was to investigate the role and mechanism of miR-218 in the metastasis of CC.
Gli3 serves a key and complex role in the occurrence and development of tumors, participating in multi-gene, multi-step regulatory processes (25) . Bai et al (25) reported that Gli3 full-length protein (Gli3-FL) was found in the cytoplasm and Gli3 terminal removal protein (Gli3-TR) was found in the nucleus of tumor epithelial cells in small cell lung cancer. Gli3-FL and Gli3-TR are highly expressed in lung cancer; Gli3-FL is not associated with clinic pathological parameters and survival rate, while Gli3-TR is associated with lymph node metastasis and overall survival. Gli3-TR, together with tumor differentiation and disease stage, can be used as independent prognostic indicators in patients with lung cancer.
In the present study, Gli3 was confirmed as a potential target gene of miR-218 via a series of experiments. The regulatory mechanisms of miR-218 and Gli3 in CC were also investigated and it was demonstrated that miR-218 regulates the proliferation and apoptosis of CC cells by targeting to Gli3 in vitro. These results provide a theoretical basis for miR-218 as a target for CC progression and treatment 
Materials and methods

Clinical
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
RT-qPCR was performed to measure the expression of miR-218 in CC cell lines and frozen tissue specimens. miRNAs were isolated using TRIzol ® (Invitrogen; Thermo Fisher Scientific, Inc.) and the concentration of total RNA was measured. Reverse transcription of the extracted RNA was completed by the two-step method using a SuperScript™ RT-PCR System with Platinum™ Taq DNA Polymerase kit (Fermentas; Thermo Fisher Scientific, Inc.). The reaction conditions were as follows: 70˚C for 10 min, 4˚C for 2 min, 42˚C for 60 min, 70˚C for 10 min and put temporary on hold at -80˚C. The expression of miR-218, Ki67 and Gli3 was measured using the TaqMan miRNA assay kit (Invitrogen; Thermo Fisher Scientific, Inc.). The PCR thermocycling conditions were as follows: 97˚C for 5 min, followed by 35 cycles at 95˚C for 30 sec, 65˚C for 30 sec and 73˚C for 1 min, 73˚C for 10 min, 4˚C forever. PCR primers used were as follows: Gli3, forward 5'-TGG TTA CAT GGA GCC CCA CTA-3' and revers 5'-GAA TCG GAG ATG GAT CGT AAT GG-3'; KI67, forward 5'-GCC TGC TCG ACC CTA CAG A-3' and reverse 5'-GCT TGT CAA CTG CGG TTG C-3'; cleaved-caspase-3, forward 5'-AGA GGG GAT CGT TGT AGA AGT C-3' and reverse 5'-ACA GTC CAG TTC TGT ACC ACG-3'; cleaved-poly ADP-ribose polymerase (PARP), forward 5'-TGG AAA AGT CCC ACA CTG GTA-3' and reverse 5'-AAG CTC AGA GAA CCC ATC CAC-3'; cyclin B1, forward 5'-AAT AAG GCG AAG ATC AAC ATG GC-3' and reverse 5'-TTT GTT ACC AAT GTC CCC AAG AG-3'; cyclin D1, forward 5'-CAA TGA CCC CGC ACG ATT TC-3' and reverse 5'-CAT GGA GGG CGG ATT GGA A-3'; and GAPDH, forward 5'-CTG GGC TAC ACT GAG CAC C-3' and reverse 5'-AAG TGG TCG TTG AGG GCA ATG-3'. The relative expression of miR-218, Ki67, Gli3, cleaved-caspase-3, cleaved-PARP, cyclin B1 and cyclin D1 was calculated. The 2 -ΔΔCq method was used for relative quantification (26) . U6 was used as an endogenous control for miRNA quantification and GAPDH was used as an internal reference.
Cell proliferation analysis. A Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan) assay was performed to assess the proliferative ability of SiHa cells. At 24, 48 and 72 h following transfection, 2x10 3 cells/well were seeded into 96-well plates and 10 µl of CCK-8 solution was added to assess cell viability according to the manufacturer's protocol. The optical density (OD) was measured at 450 nm using a plate reader.
Apoptosis analysis.
To elucidate the mechanisms of miR-218 in CC cells, a flow cytometry assay was performed to measure apoptosis. Harvested cells were incubated with Annexin V-phycoerythrin (PE)/7-amino-actinomycin D (7-AAD; KGA1015; Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) for 15 min at room temperature and samples were analyzed using FACSCalibur flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA).
Cell cycle analysis. Cell cycle distribution was assessed using flow cytometry. Following transfection, SiHa cells were harvested by trypsinization and washed twice with ice-cold PBS, following which they were fixed with 70% ethanol at 4˚C overnight. Fixed cells were rehydrated in PBS and stained with Annexin V-PE/7-AAD for 15 min at room temperature in the dark and analyzed using FACSCalibur. Subsequently, the percentage of cells in the G1, S and G2 phase was measured using PV ELITE software (version 18.0; Integraph Corporation, Madison, AL, USA).
Dual luciferase reporter assay. A luciferase reporter assay was performed using a Dual-Luciferase Reporter Assay reagent (Promega, Madison, WI, USA) according to the manufacturer's instructions. A total of 3.5x10 4 SiHa cells/well were seeded in 24-well plates overnight and pGL3-Gli3-3'UTR-wild type (WT) or pGL3-Gli3-3'UTR-mutant (mut) and miR-218 or miR-control vectors were co-transfected into the cells using Lipofectamine ® 2000. Three independent experiments were performed and data are presented as the mean ± standard deviation.
Bioinformatics analysis. Bioinformatics analysis with TargetScan (version 6.2; http://genes.mit.edu/targetscan) was conducted to predict its target gene. Invitrogen, Thermo Fisher Scientific, Inc.), cleaved-caspase-3 (1:500; ab49822) cleaved-PARP (1:1,000; ab32064), cyclin B1 (1:500; ab72), cyclin D1 (1:10,000; ab134175; all Abcam, Cambridge, UK) and GAPDH (1:1,000 dilution; MA5-15738; Invitrogen; Thermo Fisher Scientific, Inc.) for 1 h at room temperature. GAPDH was the internal control. Membranes were then incubated with horseradish peroxidase-conjugated anti-mouse (1:1,000; ab131368) and anti-rabbit (1:1,000; ab191866; Abcam) antibodies at room temperature for 2 h. Finally, membranes were incubated with BeyoECL Plus (Beyotime Institute of Biotechnology) and the detected using Chemi Doc™ XRS+ imaging system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Statistical analysis. All statistical analyses were performed using GraphPad Prism 6.0 software (GraphPad Software, Inc., La Jolla, CA, USA). Differences between two groups were analyzed using a Student's t-test. Differences between multiple groups were assessed using one-way analysis of variance followed by the Dunnett's post-hoc test. The correlation between miR-218 expression and other genes mRNA expression levels was examined using Pearson's correlation analysis. Each experiment was repeated ≥3 times. Values were presented as the mean ± standard deviation and P<0.05 was considered to indicate a statistically significant difference.
Results
miR-218 expression is negatively correlated with Ki67 and
Gli3 in CC tissues. The expression of miR-218 was decreased in the CC cell lines and tissues compared with the HCvEpCs and normal tissues, respectively (Fig. 1A and B ). Ki67 and Gli3 were also downregulated in CC tissues compared with normal tissues (Fig. 1C) . The correlation between miR-218 and Ki67 and Gli3 expression was assessed using Pearson's correlation analysis and the results revealed that miR-218 was negatively correlated with Ki67 and Gli3 (Fig. 1D) .
miR-218 suppresses CC proliferation, cell cycle progression and apoptosis in vitro.
In order to explore the potential role of miR-218 in the pathogenesis of CC, SiHa cells were transfected with miR-218 mimics, NC vectors and inhibitors. The results of a cell viability assay revealed that miR-218 overexpression dramatically suppressed the proliferation of SiHa cells compared with the miR-NC group, while proliferation was significantly suppressed in the inhibitors group (Fig. 2A) . Cell morphology was affected as presented in Fig . 2B ; the number of cell invasions decreased in miR-218 mimics group and increased in the miR-218 inhibitors group compared with the NC group. Furthermore, the results of flow cytometry revealed that the percentage of cells in the G 0 /G 1 phase was increased in the miR-218 mimics group and decreased in the miR-218 inhibitors group (Fig. 3A) . Furthermore, the rate of apoptosis was increased in the miR-218 mimics group, while apoptosis was decreased in the inhibitors group (Fig. 3B) . The quantified flow cytometry results demonstrated that a significantly greater number of cells treated with the inhibitor were in the G 1 phase compared with the NC and Blank groups (Fig. 3C ) and that apoptosis was significantly increased in the mimc group and decreased in the inhibitor group compared with the NC and Blank groups (Fig. 3D) . The expression of cleaved-caspase-3, cleaved-PARP, cyclin and cyclin D1 was assessed in transfected SiHa cells. PCR results confirmed that the expression of cleaved-caspase-3 and cleaved-PARP was increased while the expression of cyclin B1 and cyclin D1 was decreased in the miR-218-mimics group at the mRNA (Fig. 4) and protein (Figs. 5 and 6) level. The opposite was observed in the miR-218 inhibitors group (Figs. 4-6 ).
Gli3 is an important target of miR-218 in CC cells.
To further investigate the underlying mechanism of miR-218 in the progression of CC, TargetScan 6.2 was used to predict its target gene. As shown in the Fig. 7A , Gli3 may be a target of miR-218. The results of the luciferase activity assay indicated that miR-218 overexpression suppressed the activity of Gli3 WT-3'-UTR in SiHa cells compared with NC group (Fig. 7B) . The association between miR-218 and Gli3 expression was further confirmed by western blotting and it was demonstrated that the expression of Gli3 protein was significantly downregulated in the miR-218 mimics group and upregulated in the miR-218 inhibitor group compared with the NC group (Fig. 7C) .
Discussion
CC is one of the most prevalent and deadly malignancies in women worldwide (27, 28) . A World Health Organization report revealed that >270,000 women succumbed to CC in 2014 and >85% of cases occur in less developed regions (28) . The morbidity and mortality of CC are high (29) and the age of onset is a decreasing (30, 31) . In the past few decades, great progress has been made researching treatments for CC (32, 33) . However, there remains a challenge to improve the survival of CC patients so far.
miRNAs have been reported to serve a role in the initiation, progression and metastasis of CC via regulating cancer cell proliferation, apoptosis, cell cycle arrest, migration and invasion (34, 35) . As a member of the miRNA family, miR-218 is correlated with tumor progression and poor prognosis (36, 37) . It has been reported that miR-218 binds to its target mRNA in order to inhibit or promote the formation and development of tumors (38) . In previous studies, miR-218 downregulation was identified in the tumor tissues and sera of patients with CC (39). However, it remains unclear whether miR-218 expression is downregulated in CC cells.
The aim of the present study was to investigate the pivotal roles of miR-218 in the progression of CC. The expression of miR-218 in CC tissues and cells was examined and it was demonstrated that miR-218 was significantly decreased in CC tumor tissues compared with adjacent normal tissues. These results are consistent with those observed in CC and normal cervical cell lines. The expression of Ki67 mRNA in CC tissues was demonstrated to be increased and a negative correlation was observed between Ki67 and miR-218. The present study also revealed that, compared with adjacent tissues, Ki67 expression was upregulated in CC tissues, suggesting that miR-218 was negatively correlated with the proliferation marker Ki67. Following transfection with miR-218 mimics, the proliferation ability of CC cells was suppressed, suggesting that miR-218 inhibits the proliferation of CC cells and its downregulation serves a role in the development and progression of CC. Gli3 was predicted and confirmed as a gene target of miR-218 and its expression in CC tissues and transfected CC cell lines was assessed. A previous study indicated that the downregulated expression of Glli3 attenuates pancreatic cancer cell activity and proliferation (40) . Gli3 is expressed in a subset of colon cancers and associated with the degree of tumor differentiation (40) . Gli3 signaling significantly enhances the tumorigenicity of colon cancer (41). Kang et al (42) reported that, compared with normal tissues, Gli3 is upregulated in colon cancer tissues and Gli3 downregulation inhibits cancer cell proliferation. The downregulated of Gli3 expression was also reported to enhance the sensitivity of colon cancer cells to 5-FU (42) . Together, these results suggest that the role of Gli3 in tumor tissue is complex. In the present study, Gli3 mRNA and protein expression decreased dramatically and was inversely correlated with levels of miR-218 in CC tissues. It was demonstrated that miR-218 could inhibit the proliferation, apoptosis and cell cycle progression of CC cells via suppressing Gli3 expression. The present study revealed that miR-218 mimic transfection in CC cells promotes apoptosis and enhances caspase-3 activity. These results suggest that miR-218 is able to inhibit cell growth and regulate tumor progression by enhancing caspase-3 activity and promoting apoptosis in CC. Similarly, it was also demonstrated that miR-218, which is downregulated in CC, inhibits cell growth by blocking the transition from G1 to S phase. These results provide a novel insight into the pathogenesis and potential treatment targets of CC and may have clinical implications.
In summary, miR-218 overexpression in CC cells and tissues can inhibit cancer progression by blocking transition from G 0 /G 1 to S phase, promoting apoptosis, increasing the activity of proteins associated with cell apoptosis and decreasing the expression of cell cycle-associated proteins. The results of the present study suggest that miR-218 serves an important role in the pathogenesis of CC and provide a theoretical basis for the development of targeted therapy for CC.
